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Preface
Special issue on mathematical imaging
The journal Applied and Computational Harmonic Analysis (ACHA) is committed to chronicling important ad-
vances in interdisciplinary research in areas related to applied and computational harmonic analysis as they occur,
and particularly to highlighting research showing the way to cross disciplinary development in both theory and ap-
plications. To do so, the journal occasionally publishes special issues, compiling some central papers on the new
development of areas, such as this special issue on mathematical imaging.
The subject of mathematical imaging is currently a very active research area and has captured the attention and
interests of many researchers in several related disciplines. The development has led to many sophisticated mathe-
matical models and theories. The aim of the special issues is to compile the ongoing explosion of research work and
disseminate the important findings in an organized way to the wide spectrum of ACHA readership. Papers in this
issue are in-depth research papers from different areas of mathematical imaging, including harmonic analysis, partial
differential equations, and numerical linear algebra. Though not all papers are directly related to harmonic analysis,
which is natural in the interdisciplinary research area such as mathematical imaging, it is a way for ACHA to reach
outside the harmonic analysis community. All papers published in the special issue were rigorously refereed under
the same strict guidelines and policy that applies to regular issues. The guest editors of this special issue are R. Chan,
T. Chan, and Z. Shen. This is the first issue of the series and it consists of six regular papers.
The first paper, by T. Chan, M. Ng, A. Yau, and A. Yip, presents a general framework that unifies several well-
known super-resolution image reconstruction models. This framework allows an arbitrary pattern of missing pixels
and frames. A TV-based regularization technique is used to solve the problem of super-resolution image reconstruc-
tion. Furthermore, a fast algorithm using factorized banded inverse preconditioner and lagged diffusivity fixed-point
iteration is developed. A variety of experiments show the efficiency of the proposed algorithm.
The second paper, by J. Garnett, T. Le, Y. Meyer, and L. Vese, is about variational image decomposition “à la”
Meyer. The idea is to decompose a given image f into a “regular” component u and an “oscillatory” component v
by minimizing an energy of the form TV(u) + λJ2(v), where TV is the total variation and v is in W = (B˙αp,q); i.e.,
v = g ∈ W with g ∈ B˙αp,q . That is, v is a generalized function belonging to a Besov space with a negative upper
exponent. This is a generalization of Meyer’s B˙−1∞,∞ model. An interesting point of the paper is that the norm is defined
by using kernels and integral-differential operators instead of using wavelet coefficients.
The third paper, by A. Haddad, also considers image decomposition in the more traditional Rudin, Osher, and
Fatemi (ROF) model, where u ∈ BV and v ∈ L2(R2). The main focus of the paper is to consider the stability of the
problem. It starts with some technical parts concerning the ROF functional on an unbounded domain and a very nice
discussion of the star-norm and properties of ROF minimizers. The main stability result is then proved for the ROF
model and later extended to cases where the space BV is replaced by some other functional Banach spaces.
The fourth paper, by P. Michor and D. Mumford, is a fundamental paper that provides some systematic and com-
prehensive framework for analyzing a series of metrics in the set of plane curves using tools of Riemannian geometry.
The Hamiltonian approach used here allows one to compute general formulae for geodesics and invariant momenta
via Noether’s theorem. This is applied to families of curve metrics and in some cases it can additionally compute the
curvature. The paper is likely to be the standard reference for any one working in this field.
The last two papers (fifth and sixth) in this special issue are on the noise removal via wavelet methods. The fifth
paper is by C. Chui and J. Wang. In this paper, the viewpoint of total energy consisting of two additive terms, which1063-5203/$ – see front matter © 2007 Elsevier Inc. All rights reserved.
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2 Prefaceare internal energy for indicating image quality in terms of smoothness and feature preservation, and external energy
for ensuring the output image not to deviate too far from the input image, is adopted. The energy functionals are
defined in wavelet domain and a family of wavelet energy density functions is given where the soft and hard threshold
can be determined by choosing proper density functionals. By taking advantage of multilevel structure and singulary
detection capability, this approach should facilitate further development of fast and effective algorithms with low
computational complexity for a variational approach to digital image restoration.
The final paper, by F. Shi and I. Selesnick, uses the wavelet coefficient prior to Bayesian wavelet based image
denoising. The spherically contoured exponential mixture model and elliptical contoured exponential mixed model,
which are generalizations of the univariate Laplacian and a bivariate model, capture both the peak and tail of real
data distributions. The Bayesian estimator for a mixed model can be expressed as a mixture of the estimators of each
component, which in turn can be implemented efficiently. Performance comparisons of numerical simulations with
several other models are also given.
We thank the authors for submitting their very interesting work for publication in this special issue and the referees
for their conscientious reviews that help to maintain the high quality of ACHA. We are truly grateful to these referees
for their enormous time and effort in preparing their reviews, as reading and critiquing interdisciplinary research
papers require tremendous time and efforts. Special thanks are due to Charles Chui for suggesting and encouraging
publication of this series of special issues on mathematical imaging.
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